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^— * (57) Abstract: A method for the production of a panel (1) from a laminate that comprises at least two metal layers (2) and an 
intermediate layer (3) consisting of an adhesive material, comprising the following steps: provision of a mould (4) for the panel (1), 
placing a pack (5, 6) of alternating layers of metal (2) and adhesive material (3) in the mould, making at least one hole (11) through 
the pack (5, 6), placing a fixing means (16) in each hole (11), subjecting the pack (5, 6) to elevated pressure, activating the adhesive 
material (3), removing the panel (1) from the mould (4), removing each fixing means (16). 
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Method and mould for the production of a laminated panel 

The invention relates to the production of panels having a laminated structure. Such 
panels are used in a wide variety of fields. By means of suitable choice of material for the 
various layers, specific characteristics can be obtained, for example with regard to the 
strength and rigidity. A particular application is in aviation and aerospace technology. The 
panels used in this field must, on the one hand, have a low weight and, on the other hand, 
have strength and rigidity characteristics such that they are able to withstand the stresses to 
which a self-supporting body or wing construction is exposed. Furthermore, they must 
meet stringent requirements with regard to fatigue strength and toughness. 

The panels can be produced in various ways. The invention relates in particular to the 
production of such panels under elevated pressure and temperature. For this purpose the 
panels on a mould are covered by a membrane; the pressure is lowered in the gap between 
the mould and the membrane. The mould prepared in this way is then placed in an 
autoclave, after which the adhesive contained between the layers is activated. The elevated 
pressure in the autoclave must ensure that the various layers are held pressed onto one 
another, such that they are not able to shift with respect to one another during the 
production process. 

However, especially in the case of panels with relatively large numbers of layers, the 
problem arises that the mutual position thereof during the production process can not be 
well controlled. The adhesive becomes fluid on heating, with the consequence that the 
layers are able to shift with respect to one another. This problem arises in particular in the 
case of panels composed of layers of different dimensions, such as is the case, for example, 
with panels with local reinforcement. The reinforcements concerned here can be 
reinforcements that have to be provided in the vicinity of openings in the panel, such as 
window and door openings. 

In the aviation industry the panels produced in this way are incorporated in the 
fuselage and wings. In this case stringers and trusses are fixed to the inside of the panels. 
Fixing is usually carried out by riveting. For this purpose holes have to be drilled in the 
panels in positions accurately determined in advance. Since, from the standpoint of the 
quality of the construction, it is not acceptable that such holes are made in the edge of one 
or more layers, a very wide margin has to be maintained on either side of these edges. 
However, for reasons of freedom of design this is highly undesirable. 
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The aim of the invention is therefore to provide a method for the production of a 
panel with which the position of the layers with respect to one another is determined more 
accurately. Said aim is achieved by means of a method for the production of a panel from a 
laminate that comprises at least two layers of metal and an intermediate layer consisting of 
an adhesive material, comprising the following steps: 

- provision of a mould for the panel, 

- placing a pack of alternating layers of metal and adhesive material in the mould, 

- making at least one hole through the pack, 

- placing a fixing means in each hole, 

- subjecting the pack to elevated pressure, 

- activating the adhesive material, 

- removing the panel from the mould, 

- removing each fixing means. 

With the method according to the invention the various layers, which initially are still 
lying loosely on top of one another, are fixed with respect to one another by means of, for 
example, a pin or screw. Such a pin per se fits in the various layers with some tolerance. 
Consequently, slight shifting of the layers with respect to one another is still possible, but 
this shifting is so slight, in any event one or more orders of magnitude smaller compared 
with unrestrained shifting, that an appreciably improved positional accuracy of the various 
layers with respect to one another is achieved. 

Furthermore, panels are known which are made up of part panels with equal numbers 
of layers. These layers overlap one another in pairs at their adjacent edges. The problems 
outlined above also arise in the production of such composite panels. In this context as 
well, the invention provides an improved method for the production of a panel from a 
laminate in which there is a seam with overlapping layers, comprising the following steps: 

- placing at least a second pack of alternating layers of metal and adhesive material in 
the mould, 

- overlapping the layers of packs adjoining one another, 

- making at least one hole through each additional pack, 

- placing a fixing means in each additional hole. 

The seam is now in an accurately determined position, which facilitates treatment of 
the panels. According to a further variant of the method, the position of the pack of layers 
itself with respect to the mould can also be determined. This is important if the mould has 
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an irregular curved shape. Pack shifting then gives rise to an incorrect curved shape of the 
finished panel. According to the invention this can be prevented if the method comprises 
the following steps: 

- providing a mould with at least one recess made beforehand, 

5 - positioning a pack in the mould in such a way that the hole through the pack is 

aligned with respect to the recess, 

- fitting the fixing means in the hole and the recess. 

Incidentally, the holes that are made in the packs can be positioned such that after 
production of the panel they can also be used for fixing stringers and/or trusses. In this case 

10 the holes also do not have to constitute any unnecessary weakening in the panel. In some 
cases the positioning holes can also be made in those parts of the panel that are 
subsequently removed, for example at the location of the window and door openings. 

As already mentioned, the invention also relates to a mould for use with the method 
described above. A known mould of this type has a mould surface onto which at least one 

15 pack of layers consisting of metal and adhesive can be placed, which pack has at least one 
hole through it in which a fixing means can be accommodated. According to the invention 
at least one recess for accommodating a fixing means opens at the mould surface. The 
recess can have an internal screw thread. 

The invention also relates to a panel produced by means of the method described 

20 above. In the case of panels that are used in aircraft construction the metal layers consist of 
aluminium and the layer of adhesive material consists of a glass fibre matrix impregnated 
with an adhesive. 

The invention will be further explained with reference to a few illustrative 
embodiments shown in the figures. 
25 Figure 1 shows two layered packs with overlapping edges. 

Figure 2 shows a fixing means according to the invention. 
Figure 3 shows another fixing means. 
Figure 4 shows a finished panel. 

With the method according to the invention a panel 1 is produced from a number of 
30 metal layers 2 between which layers 3 consisting of a glass fibre matrix with an adhesive 
embedded therein are accommodated. Packs of this type are accommodated on a mould 4, 
such as, for example, is shown in Figures 2 and 3. In a known manner a membrane (not 
shown) is placed over the pack 1, which membrane is joined at the edges to the mould 4 
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such that it is airtight. 

The whole is then placed in an autoclave, in which both the pressure and the 
temperature are raised. During this operation the pack consisting of alternating layers 2 and 
3 is pressed firmly onto the mould 4, as a result of which the desired shape is obtained. The 
5 adhesive present in the glass fibre matrix 3 also melts, as a result of which the adhesion 
between layers 2 is obtained. After cooling, the mould 4 with the panel, which is then 
finished, is removed from the autoclave. 

In the example shown in Figure 1 two packs 5, 6 consisting of alternating layers 2, 3 
are provided. The layers of these packs 5, 6 overlap one another at the location of their 
10 edges 8, whilst gaps 9 remain open between the layers. There is therefore a large number of 
end edges of the layers 2 in the seam 10. 

When producing a panel from such packs 5, 6 it is extremely important that the end 
edges of the layers 2 are accurately positioned. Thus it is, specifically, also possible to drill 
a number of holes at the location of the seam 10, by means of which holes it is possible to 
15 fix, for example, a truss to the panel. 

In connection with the desired accurate positioning of the end edges of the layers 2 
with respect to one another, according to the invention a hole 11, 12 is drilled through the 
packs 5, 6, in which hole pin-shaped fixing means 13 are placed. 

As shown in Figure 2, the individual gaps 14 in the metal layers 2, which together 
20 with the holes 1 5 in the layers 3 of matrix material form the hole 1 1 through the pack, are 
oversized to some extent in order to be able to fit the pin-shaped fixing means 16. 
However, the tolerance that plays a role here is relatively small, such that accurate 
positioning of the end edges of the layers 2 is still possible. 

In the illustrative embodiment shown in Figures 1 and 2 the pin-shaped fixing means 
25 16 are in the form of a screw and screwed into an insert 17 provided with an internal screw 
thread. By this means fixing of the packs 5, 6 with respect to the mould 4 is ensured at the 
same time, so that the panel acquires the desired shape. 

In the illustrative embodiment in Figure 2 the pin-shaped fixing means 16 are 
provided with a screw head 18; in the illustrative embodiment in Figure 3 pin-shaped 
30 fixing means 16 with a flat head 19, the surface of which is in the same plane as that of the 
stringer 20, is used. 

As shown in Figure 4, the panel 1 obtained in this way can be used as the fuselage 
section for an aircraft. By virtue of the accurately determined position of the end edges of 
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the individual layers 2, the trusses 21 can be fixed in place using evenly distributed rivets 
without there being a relatively large, unfixed region at the location of the seam 10 as a 
consequence of the position of the end edges of the layers 2 not being accurately 
determined. 
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Claims 



1 . Method for the production of a panel (1) from a laminate that comprises at least 
two layers of metal (2) and an intermediate layer (3) consisting of an adhesive material, 

5 comprising the following steps: 

- provision of a mould (4) for the panel (1), 

- placing a pack (5, 6) of alternating layers of metal (2) and adhesive material (3) in 
the mould (4), 

- making at least one hole (11) through the pack (5, 6), 
10 - placing a fixing means (16) in each hole (11), 

- subjecting the pack (5, 6) to elevated pressure, 

- activating the adhesive material (3), 

- removing the panel (1) from the mould (4), 

- removing each fixing means (16). 

15 

2. Method according to Claim 1 for the production of a panel (1) from a laminate in 
which there is a seam (10) with overlapping layers (2), comprising the following steps: 

- placing at least a second pack (5, 6) of alternating layers of metal and adhesive 
material (3) in the mould (4), 

20 - overlapping the layers (2) of packs (5, 6) adjoining one another, 

- making at least one hole (11) through each additional pack (5, 6), 

- placing a fixing means (16) in each additional hole (1 1). 

3. Method according to one of the preceding claims, comprising the following steps: 
25 - providing a mould (4) with at least one recess (17) made beforehand, 

- positioning a pack (5, 6) in the mould (4) in such a way that the hole (11) through 
the pack is aligned with respect to the recess (17), 

- fitting the fixing means (16) in the hole (1 1) and the recess (17). 

30 4. Method according to Claim 3, wherein the recess (17) has an internal screw thread 

and the fixing means (16) are in the form of a screw, comprising screwing said fixing 
means (16) into the recess (17). 
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5. Method according to one of the preceding claims, comprising the following steps: 

- placing a gas-tight membrane over the mould (4) with pack (s) (5, 6), 

- subjecting the membrane to elevated pressure, 

- heating each pack (5, 6). 

5 

6. Method according to Claim 5, comprising carrying out the steps of raising the 
pressure and the temperature in an autoclave. 

7. Mould for use with the method according to Claim 3 or 4, comprising a mould 

10 surface onto which at least one pack of layers (5, 6) consisting of metal (2) and adhesive (3) 
can be placed, which pack has at least one hole (11) through it in which a fixing means can 
be accommodated, characterised in that at least one recess (17) for accommodating fixing 
means (16) opens at the mould surface. 

15 8. Mould (4) according to Claim 7, wherein the recess (11) has an internal screw 

thread. 

9. Panel (1) produced by means of the method according to one of Claims 1-6. 

20 10. Panel (1) according to Claim 9, wherein the metal layers (2) consist of aluminium 

and the layer of adhesive material (3) consists of a glass fibre matrix impregnated with an 
adhesive. 
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